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Status 

1 )[><] Responsive to communication(s) filed on 3/01/04 . 
2a)D This action is FINAL. 2b)S This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 1 1 , 453 O.G. 213. 
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DETAILED ACTION 
Claim Rejections - 35 USC §112 

The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

Claim 2 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

Claim 2 recites the limitation "the tungsten nitride contact liners" on page 11, line 
14. There is insufficient antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

Claims 1-8, 11, 12, 15-17, and 20 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chang (U.S. 6,858,506) in view of Lim (U.S. 2004/01 15929). 

Regarding claims 1 and 11, Chang teaches an integrated circuit and a method of 
forming the integrated circuit comprising providing a semiconductor substrate (200 in 
Fig. 2D); forming a gate dielectric on the semiconductor substrate (206 in Fig. 2D; 
column 3, lines 36-39); forming a gate on the gate dielectric (208 in Fig. 2D; column 3, 
lines 46-47); forming source/drain junctions in the semiconductor substrate (210 in Fig. 
2D; column 3, line 59-column 4, line 39); and forming a nickel silicide on the 
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source/drain junctions and on the gate (234 in Fig. 2G; column 4, line 56 - column 5, 
line 10). Chang does not teach depositing an interlayer dielectric having contact holes 
therein above the semiconductor substrate; forming contact liners in the contact holes; 
and forming contacts in the contact holes over the contact liners, whereby the contact 
liners are formed of a nitride of the material of the contacts. 

Lim teaches depositing an interlayer dielectric having contact holes (paragraph 
0020) therein above a semiconductor substrate; forming contact liners in the contact 
holes (tungsten nitride, paragraph 0021); and forming contacts in the contact holes over 
the contact liners, whereby the contact liners are formed of a nitride of the material of 
the contacts (tungsten, paragraph 0026). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to modify the teachings of Chang by additionally depositing an 
interlayer dielectric having contact holes therein above the semiconductor substrate; 
forming contact liners in the contact holes; and forming contacts in the contact holes 
over the contact liners, whereby the contact liners are formed of tungsten nitride and the 
contacts are formed of tungsten, as taught by Lim. The motivation for doing so at the 
time of the invention would have been that the method taught by Lim simplifies a 
deposition process of a tungsten nitride layer as a barrier metal, as expressly taught by 
Lim (paragraph 0014). 

Regarding claim 2, Chang and Lim together teach the method of claim 1. Lim 
further teaches that forming the tungsten nitride contact liners uses an atomic layer 
deposition process (paragraph 0021). 
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Regarding claim 3, Chang and Lim together teach the method of claim 1 . Lim 
further teaches forming the contact liners at a temperature of less than or equal to about 
the thermal budget for the silicide, indicated in the instant specification on page 10, lines 
23-24 to be 400 - 450 °C (paragraph 0021). 

Regarding claims 4 and 12, Chang and Lim together teach the method of claims 
1 and 1 1 . Chang further teaches that forming the silicide forms a nickel silicide (column 
4, line 56 - column 5, line 10). 

Regarding claims 5 and 15-16, Chang and Lim together teach the method of 
claim 1 and 11. Lim further teaches that forming the contacts forms a tungsten material 
(paragraph 0026); and forming the contact liners forms a tungsten nitride material 
(paragraph 0021). 

Regarding claims 6 and 17, Chang teaches a method of forming an integrated 
circuit comprising providing a semiconductor substrate (200 in Fig. 2D); forming a gate 
dielectric on the semiconductor substrate (206 in Fig. 2D; column 3, lines 36-39); 
forming a gate on the gate dielectric (208 in Fig. 2D; column 3, lines 46-47); forming 
source/drain junctions in the semiconductor substrate (210 in Fig. 2D; column 3, line 59- 
column 4, line 39); and forming a nickel silicide on the source/drain junctions and on the 
gate (234 in Fig. 2G; column 4, line 56 - column 5, line 10). Chang does not teach 
depositing an interlayer dielectric having contact holes therein above the semiconductor 
substrate; forming tungsten nitride contact liners in the contact holes; and forming 
tungsten contacts in the contact holes over the contact liners. 
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Lim teaches depositing an interlayer dielectric having contact holes (paragraph 
0020) therein above a semiconductor substrate; forming tungsten nitride contact liners 
in the contact holes (paragraph 0021); and forming tungsten contacts in the contact 
holes over the contact liners (paragraph 0026). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to modify the teachings of Chang by additionally depositing an 
interlayer dielectric having contact holes therein above the semiconductor substrate; 
forming tungsten nitride contact liners in the contact holes; and forming tungsten 
contacts in the contact holes over the contact liners, as taught by Lim. The motivation 
for doing so at the time of the invention would have been that the method taught by Lim 
simplifies a deposition process of a tungsten nitride layer as a barrier metal, as 
expressly taught by Lim (paragraph 0014). 

Regarding claim 7, Chang and Lim together teach the method of claim 6. Lim 
further teaches that forming the tungsten nitride liners uses an atomic layer deposition 
process (paragraph 0021). 

Regarding claim 8, Chang and Lim together teach the method of claim 6. Lim 
further teaches forming the tungsten nitride contact liners at a temperature of less than 
or equal to about 400 degrees centigrade (paragraph 0021). 

Regarding claim 20, Chang and Lim together teach the method of claim 17. 
Chang further teaches that the gate and source and drain regions are ion-implanted 
with arsenic prior to the formation of nickel silicide on the gate and source and drain 
regions, so the nickel silicide further comprises arsenic doping (column 4, lines 23-39). 
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Claims 9, 13, and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Chang (U.S. 6,858,506) in view of Lim (U.S. 2004/0115929) as applied to claims 6, 
11, and 17 above, and further in view of Tseng (U.S. 2005/0035460). 

Regarding claims 9, 13, and 18, Chang and Lim together teach the method of 
claim 6 and the device of claims 11 and 17 (note 35 U.S.C. 103(a) rejections above). 
They do not teach that forming the nickel silicide uses an ultra-thin thickness of a nickel 
silicide. 

Tseng teaches forming nickel silicide layers with a thickness of 50 - 350 A 

(paragraph 0037), within the limits indicated in the instant specification on page 8, line 4 
of "not more than 50 A thickness." 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to fabricate an integrated circuit according to the method taught 
by Chang and Lim together, and further make the nickel silicide layer ultra-thin, as 
taught by Tseng. The motivation for doing so at the time of the invention would have 
been to provide a semiconductor device with reduced contact resistance, as taught by 
Tseng (paragraph 0009). 

Claims 10, 14, and 19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Chang (U.S. 6,858,506) in view of Lim (U.S. 2004/0115929) as 
applied to claims 6, 11, and 17 above, and further in view of Tseng (U.S. 
2005/0035460) and Wolf et al. (Silicon Processing for the VLSI Era, Vol. 1). 
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Regarding claims 10, 14, and 19, Chang and Lim together teach the method of 
claim 6 and the device of claims 11 and 17 (note 35 U.S.C. 103(a) rejections above). 
They do not teach that the interlayer dielectric is a dielectric material having a dielectric 
constant selected from a group consisting of medium, low, and ultra-low dielectric 
constants. 

Tseng teaches an interlayer dielectric made of a material having a dielectric 
constant selected from a group consisting of medium, low, and ultra-low dielectric 
constants (120 in Fig. 1; paragraph 0038). 

Therefore, at the time of the invention, it would have been obvious to one of 
ordinary skill in the art to fabricate an integrated circuit according to the method taught 
by Chang and Lim together, and further make the interlayer dielectric of a material 
having a dielectric constant selected from a group consisting of medium, low, and ultra- 
low dielectric constants, as taught by Tseng. The motivation for doing so at the time of 
the invention would have been to keep capacitance between metallization layers low, as 
taught by Wolf etal. (line 1 of Table 15.4, pg. 727). 
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Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Levy et al. (U.S. 2004/0142557) teaches ALD methods for 
depositing tungsten nitride in contact holes. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Heather A. Doty, whose telephone number is 571-272- 
8429. The examiner can normally be reached on M-F, 8:30 - 5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead, Jr., can be reached at 571-272-1702. The fax phone 
number for the organization where this application or proceeding is assigned is 703- 
872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

had 

CRAIG A. THOMPSON 
PRIMARY EXAMINER 



